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Mledica1 Progress
Current Status of Renal Transplantation

MICHAEL G. SURANYI, MBBS, FRACP, and BRUCE M. HALL, MBBS, FRACP, PhD, Stanford, Califomia

The success rate of renal transplantation has improved considerably during the past decade, with
substantial improvements in both graft and patient survival. The quality ofgraft function, however, andnot
graft survival alone is increasingly determining the standards by which transplantation outcome is being
judged. As the demand for kidney transplants continues to rise and transplants are being offered to an
ever-increasing number ofpatients, organs are being sought from new supplypools and efforts are being
made to use current resources more efficiently. Improvements in clinical management have allowed
short-term complications such as infection and rejection to be betterprevented or better diagnosed and
treated. Fundamental advances in the understanding of the immunologic processes underlying both
allograft rejection and acceptance and the introduction ofnew immunosuppressive agents have allowed
a better use of drug therapy and have moved the goal of acquired transplant tolerance closer to attain-
ment. With improved initial transplant success rates, the long-term transplantation outcome is becoming
more important. The role of tissue matching in preventing chronic rejection is becoming more appreci-
ated, and the long-term risks of malignancy, arteriosclerosis, and chronic rejection are being better
recognized and managed.
(Suranyi MG, Hall BM: Current status of renal transplantation. West J Med 1990 Jun; 152:687-696)

In the 1980s the success rate of cadaver-donor renal trans-
plantation improved from one-year graft survival rates of

around 50% to rates of 75% to 85%. At the same time,
patient survival rates also improved, with one-year patient
survival generally greater than 95% 1-3 During the past dec-
ade, there have been parallel improvements in the detailed
understanding of the fundamental processes causing rejec-
tion.4'5 In clinical transplantation, improvements have been
made in tissue typing, immunosuppression, and patient care
and in the management of rejection, the diagnosis and treat-
ment of acute and chronic allograft dysfunction, and the
diagnosis and treatment of immunosuppression-related prob-
lems such as malignancy and infection.

Despite the continued relative shortage of cadaveric do-
nor kidneys, renal transplantation grafting rates are progres-
sively rising. The number of kidney transplants is increasing
as groups of patients previously denied them-including
those sensitized to HLA antigens,6 the elderly,7`9 the very
young,"0 and high-risk patients"1-receive kidneys.

The solution to the shortage of kidneys lies first with the
optimal use of currently available cadaver kidneys and, sec-
ond, in harvesting grafts from new patient pools, such as
kidneys from pediatric and elderly donors12-14 and from
living-related and unrelated donors."5-7

Pretransplantation Measures to Improve
Graft Survival
Tissue Typing

The most important transplantation antigens in humans
and animal models are determined by a polymorphic group
of genes, the major histocompatibility complex (MHC),

which in humans are called human leukocyte antigens. The
protein products of these genes are present on most cell sur-
faces and fall into two important classes: the HLA class I
antigens (including HLA-A, -B, and -C) and the HLA class II
antigens (including the HLA-DR, -DP, -DQ, and other D-
related antigens). A set, or haplotype, of these antigens is
inherited from each parent and is codominantly expressed.
The resolution of the x-ray crystallographic structure of
HLA-A2 has shown that the normal function of HLA mole-
cules is to present antigen, in the form of a short peptide (5 to
22 amino acids), in the groove formed on the external surface
of the molecules.18 T-cell receptors recognize only antigen
presented by this complex of MHC and antigenic peptide,
and specialized antigen-presenting cells provide activation
signals to T cells. This antigen presentation system is de-
signed to trigger the immune system against viral and other
intracellular pathogens and tumors. In transplantation, a sit-
uation unforeseen by nature, these same mechanisms result
in the activation of effector cells such as T and B cells against
the foreign MHC on the cells of the allograft, and the end
result is rejection.

The stimulus activating the responding immune system to
induce rejection, the major cause of allograft loss, depends
on the number and type ofHLA mismatches between recipi-
ent and donor. The most important HLA antigen mismatches
driving the rejection response have been found to be the
HLA-DR and HLA-B antigens, which are also the most poly-
morphic.19 The benefits of HLA matching are best mani-
fested in grafts between relatives, where matching between
donor and recipient influences both short-term and long-
term allograft survival."6
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With the use of potent immunosuppressive protocols,
early graft losses due to rejection can be suppressed, allow-
ing the successful short-term function of even completely
mismatched kidneys.17'20 With longer follow-up, however,
HLA disparity may contribute substantially to the loss of
grafts with chronic rejection despite immunosuppres-
sion.21'22 The rejection of poorly matched grafts results in a

high incidence of sensitization, which can jeopardize the
chances and success of subsequent transplantation and can

result in a high mortality rate among patients returning to
dialysis.23 The success of second transplants may depend
even more on HLA matching than does that of primary
grafts.24

The need to establish the optimal use of a limited donor
resource has led to a promotion of kidney sharing on a re-

gional basis, with the aim of increasing the number of pa-
tients receiving well-matched grafts.25-27 The national
United Network of Organ Sharing program was set up with
that aim. By current estimates an effective organ-sharing
scheme could result in as many as 20% of patients being
allocated A-, B-, and DR-compatible kidneys and in the num-
ber of patients receiving poorly matched kidneys being sub-
stantially reduced.28 Organ-sharing programs may also have
the benefit of reducing the number of highly sensitized pa-
tients awaiting second transplants. Nevertheless, kidney
sharing is a contentious issue.29 30 Some groups maintain that
matching confers no benefit in cadaver or even living-related
transplants20 and that the longer storage required for ex-

changed kidneys causes damage that counterbalances any
advantages of tissue-matched exchanged kidneys.31 There
has been progressive improvement, however, in the cold stor-
age preservation of cadaveric kidneys, particularly with the
introduction of the University of Wisconsin solution.32-35
Still, it may require the application of exchange incentives to
improve cooperation to produce an effective allograft ex-

change program.36

Lymphocytotoxic Antibody Crossmatch
After excluding ABO blood group incompatibility, test-

ing for lymphocytotoxic antibodies against HLA class I and
class II constitutes one ofthe most important matching proce-

dures before transplantation. Such antibodies arise as a con-

sequence of blood transfusion, pregnancy, and a previous
transplant rejection.37 The presence of antibody reacting
with donor lymphocytes is excluded before transplantation,
as such antibody has been associated with hyperacute and
accelerated rejection.38 Transplantation generally does not
take place if deleterious lymphocytotoxic antibodies are de-
tected in the crossmatch test before the procedure.39

Numerous controversies remain unresolved regarding the
techniques and criteria of such testing,40 including the rela-
tive value of historic and current antidonor crossmatches, the
merits of anti-T- and anti-B-cell crossmatches,41 the relative
importance of sensitive assays such as fluorescence-activated
cell sorting,42-44 and the use of antiglobulin reagent in the

cytotoxic crossmatch.45 The crossmatch test does not identify
antibodies against organ-specific antigens that are not ex-
pressed on donor lymphocytes.46 Such antibodies may be
found in the serum or allograft of a recipient4" and may also
play an important role in rejection processes.48

An increasing number of patients awaiting transplanta-
tion show a high degree of sensitization, which makes it
difficult to find a compatible donor. This trend is exacerbated
by the number of patients awaiting second transplants after
the rejection of poorly matched first grafts. Many efforts
to reduce the incidence of such presensitization have been
ineffective,49 but grafts bearing maternal HLA antigens may
be useful in such sensitized recipients.50 Highly sensitized
patients do best when receiving transplants using well-
matched grafts,24 but such patients have also had successful
transplants without regard to HLA matching.51 Attempts
have been made to reverse the sensitized state by plas-
mapheresis, antibody adsorption, and cyclophosphamide
therapy, but these are still experimental.52'53 Similar proto-
cols have been used to remove hemagglutinins in recipients of
ABO-incompatible grafts.

Blood Transfusion
In 1973 Opelz and co-workers noted a beneficial effect of

random blood transfusion on the outcome of transplanta-
tion,54 and this was subsequently confirmed by many groups.
The recognition of the therapeutic benefits of random trans-
fusion was followed shortly by the introduction of donor-
specific blood transfusions in a subset of living-related trans-
plant recipients.55 Both random and donor-specific blood
transfusions have been associated with a significant inci-
dence of sensitization,56 which can preclude subsequent
transplantation. It has been postulated that donor-specific
transfusion results in directly sensitizing recipients, whose
reactive immune cells are then depleted by heavy immuno-
suppression soon after the transplantation.5'

The role ofblood transfusion as an adjunct to transplanta-
tion is now in question,58 and the risk of sensitization and of
the transmission of viral and other pathogens-particularly
the human immunodeficiency virus (HIV)-must be
weighed against the potential benefits. Further, with the in-
troduction of recombinant erythropoietin,59 the need to trans-
fuse dialysis patients for anemia will be largely eliminated. If
transfusion is required, however, using HLA-matched trans-
fusions may reduce sensitization.60 Recent data in the Inter-
national Collaborative Transplant Study have led Opelz to
suggest that there is now no compelling reason to undertake
either random or donor-specific transfusion.

Immunosuppressive Protocols
Immunosuppressive agents commonly used include

azathioprine, prednisone, cyclosporine, antilymphocyte
globulin (ALG) preparations, anti-CD3 monoclonal anti-
body (Orthoclone OKT3), ionizing irradiation,62 and alky-
lating agents such as cyclophosphamide.63 Azathioprine and
prednisone were the mainstay of therapy in the 1960s and
1970s, and antilymphocyte globulin was added in the late
1960s. Cyclosporine became available in the 1980s and is
now central to most protocols.

The introduction of cyclosporine has been associated with
a period of progressive improvement in the success of renal
transplantation,64 which has also been translated into an im-
provement in quality of life for patients."6566 The mechanisms

ABBREVIATIONS USED IN TEXT
ALG = antilymphocyte globulin
CMV = cytomegalovirus
HIV = human immunodeficiency virus
IL-2 = interleukin 2
MHC = major histocompatibility complex
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of its actions are still being investigated, but it effectively
inhibits the release of cytokines, especially interleukin 2 (IL-
2), known to be important in the generation of the rejection
response.67-69 The main side effect of cyclosporine is, para-
doxically, nephrotoxicity.

Cyclosporine was initially used alone or with prednisone,
but to minimize side effects, particularly nephrotoxicity that
occurs at high dosage, there has been a trend toward combin-
ing agents at a lower dosage to achieve additive or synergistic
effects.70 The rationale of multiple-agent protocols is that
each immunosuppressive acts at different sites in the immune
system. By using lower doses of each agent, it is hoped that
the side effects of higher doses will be avoided while the
benefits of each agent are retained. Triple-drug therapy with
azathioprine, prednisone, and cyclosporine has become
widely used, as has quadruple-drug therapy, with ALG in-
duction followed by triple-drug therapy.70 Despite the gen-
eral tendency to use multiple agents, some transplant centers
continue to use one- or two-drug protocols with comparable
graft survival rates.71 '2 The combination of cyclosporine and
azathioprine as maintenance therapy can avoid the long-term
use of steroids.73 74

The main factor driving the trend toward multiple-drug
therapy is the nephrotoxicity of cyclosporine, the use of
which can increase the duration of early nonfunction of a
transplanted kidney.7' To minimize early nonfunction, some
protocols include low doses of cyclosporine whereas others
avoid the early use of cyclosporine by using ALG, azathio-
prine, and prednisone followed by cyclosporine only after
adequate renal function occurs.70

Combination immunosuppression still does not com-
pletely prevent rejection episodes or graft loss, especially in
second transplants or in patients who do not have good tissue
matching.3'6 Combined therapy may also be associated with
a substantial risk of patient morbidity from opportunistic
infection7 or a malignant lesion such as lymphoma.78 For
this reason prophylactic broad-spectrum antibiotics and acy-
clovir may be used to prevent infection.79 Monitoring cyclo-
sporine levels in whole blood, serum, or plasma to adjust the
dosage is widely done to minimize the side effects of using
cyclosporine.80-83 Because of nephrotoxicity, cost, and the
unknown effects oflong-term cyclosporine use, some centers
have begun converting from cyclosporine to conventional
azathioprine and prednisone therapy.84 The main reason for
converting from initial cyclosporine therapy is the relatively
high incidence of cyclosporine nephrotoxicity and its pro-
gressive and ultimately irreversible nature.85 The conversion
from cyclosporine use can result in improved renal function
and blood pressure control,7' 86'87 and these benefits appear
to persist.87 There can be a major risk of acute rejection and
loss ofthe graft if conversion is undertaken before rejection is
carefully excluded, however. 708889 Patients undergoing con-
version for refractory rejection have a high risk of graft loss.

Although cyclosporine therapy is undoubtedly effective
against cell-mediated acute rejection, its effect on chronic
rejection is less certain,90 and distinguishing chronic rejec-
tion from nephrotoxicity may be difficult.

Monoclonal Antibodies
Monoclonal antibody therapy, the most successful exam-

ple of which is OKT3, became available shortly after cyclo-
sporine was introduced. Polyclonal antilymphocyte antibody
preparations (ALG) have had a place in renal transplantation

for many years and continue to contribute to immunosup-
pression protocols.9" Preparations of ALG, however, have
suffered from variation between batches and from side ef-
fects associated with their many specificities.70 Now mono-
clonal antibodies are being developed that have greater pu-
rity, specificity, and reproducible biologic activity. Their use
has provided a mechanism for precisely targeting antibody-
mediated effects to one cell surface molecule. In renal trans-
plantation this allows immunosuppressive therapy that is
more specific than using agents such as azathioprine, ste-
roids, and cyclosporine. On the T-cell surface many antigens
provide a target for such specific therapy.92 Of these, an
antibody against CD3 is already in general use, and mono-
clonal antibodies against the IL-2 receptor and against the
T12 molecule have been tested.93 The potential usefulness of
the anti-CD4 antibody has not been overlooked,94 and efforts
are being directed to develop many other monoclonal anti-
bodies for clinical use, including those against activation
antigens on T cells.95 In addition, monoclonal antibodies
against cytokines, such as interleukin 2 and interferon
gamma, also require assessment as immunosuppressives in
renal transplantation.96 Investigation is also underway into
the use of monoclonal antibodies, such as those to passenger
leukocytes, to reduce the immunogenicity of grafts.97
OKT3 Monoclonal Antibody Therapy

OKT3, a murine monoclonal antibody of the immuno-
globulin G2a class, has proved to be a potent immunosup-
pressive agent owing to its ability to bind the T-cell antigen-
receptor complex.98 The use of OKT3 has been effective as
prophylactic therapy in renal transplantation99100 and as anti-
rejection therapy,101-105 but its most appropriate use may be
as rescue therapy for steroid-resistant rejection. 106-108 OKT3
therapy has also been shown to benefit patients with predom-
inantly vascular pattern rejection.109 The recurrence rate of
rejection, however, may be unexpectedly high after OKT3
use, as it probably does not eliminate allograft-responding T
cells. Its use is thought to result initially in the opsonization
and rapid removal ofT cells from the circulation. Thereafter,
OKT3 appears to rapidly modulate or remove the CD3 or T
cell-receptor complex from the surface of T cells, rendering
them incapable of activation by antigen recognition.

A number of major problems have emerged with the use
of OKT3. A severe febrile reaction and bronchospastic re-
sponse can follow the administration ofthe first dose. Pulmo-
nary edema also occurs in patients with fluid overload.'10
The cause of systemic symptoms may be related to the dem-
onstrated ability of OKT3 to activate T cells. This initial T-
cell activation, or, alternatively, a wave of T-cell destruction,
can result in the release of potent T-cell cytokines leading to
systemic effects, including a fall in the glomerular filtration
rate. 98"11 Cytokine increases have also been noted with ALG
use."2 After OKT3 use, particularly if high-dose immuno-
suppressive agents have also been used, a higher incidence of
infection may be seen. 107'113,114 Finally, under certain cir-
cumstances, T cells with modulated CD3 or T cell-receptor
complex may still mediate acute rejection, despite therapeu-
tic levels of OKT3."15

An antibody response to OKT3 develops in most treated
patients, despite concomitant immunosuppression with cy-
closporine or azathioprine. These antibodies may be to the
idiotype, isotype, or common determinants of mouse im-
munoglobulin.98 Such antibodies may develop during an ini-
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tial course, limiting its usefulness and allowing rejection to

break through, but they more often develop afterwards, inter-
fering with the use of a second course.116'117 Reuse can be
successful if high-titer anti-OKT3 antibodies have not devel-
oped,1118"'9 although such reuse is associated with a high
incidence of viral infection.'20

Because anti-idiotypic antibodies developing after OKT3
therapy do not cross-react with all anti-CD3 monoclonal an-

tibodies, using different anti-CD3 monoclonal antibodies
may be one approach to reuse.'2' Further, with the use of
molecular biologic techniques, human or mouse-human hy-
brid antibodies can be made that may not stimulate anti-
mouse antibody formation.92 It has been recently suggested
that a concurrent infusion of anti-CD4 monoclonal antibody
may reduce the formation of recipient anti-OKT3 antibodies
by impairing helper T-cell function required for antibody
formation. 122

Anti-Interleukin 2-Receptor Therapy
Interleukin 2 is a critical cytokine involved with the acti-

vation, proliferative expansion, and amplification of T cell-
mediated rejection responses, such as those occurring with
allograft rejection.'23 The IL-2 receptor is expressed mainly
on activated T cells, having a low- and high-affinity form, the
latter ofwhich binds and internalizes IL-2. In patients under-
going transplantation, the blockade or elimination of T cells
expressing the IL-2 receptor can be expected to immunosup-
press, in a relatively selective way, the clones responding to
an allograft and mediating rejection. 124 The use of anti-IL-2
receptor monoclonal antibodies has proved effective in
animal models'25 and has undergone initial trials in hu-
mans, I but not always successfully.'28 This therapy may
be synergistic with cyclosporine therapy and is reported to
spare suppressor cells.'29

The initial promise of monoclonal antibody therapy using
anti-IL-2 receptors has been enlarged on by the development
of a novel IL-2-diphtheria toxin hybrid, which binds to the
high-affinity IL-2 receptor on activated cells, mainly T cells,
is internalized, and results in cell destruction.3I1032

Newer Agents
The promise of less nephrotoxic analogues of cyclo-

sporine has not yet been realized.'33 With immunosuppres-
sive characteristics similar to cyclosporine, FK 506 has
recently come to increased public attention. Similar to cyclo-
sporine in its ability to inhibit cytokine production,'34-'36
FK 506 is currently under investigation for use as a clinical
renal transplant immunosuppressive agent, but it has shown
considerable hepatotoxicity. 137 Investigation is also proceed-
ing into methods of treating allografts before implantation
with agents designed to reduce the ability of grafts to stimu-
late an immune response.138'139

Efforts to Induce Transplant Tolerance
The development of tolerance, or specific unresponsive-

ness, to donor tissue is the most attractive form of immuno-
suppression, avoiding drug complications such as infection
and malignancy. Anecdotes relate long-term survival of some
allografts without the benefit of continued immunosuppres-
sive therapy for prolonged periods. 140 With the establishment
of tolerance, immunosuppressive drugs would not be re-

quired, and the immune system's natural regulatory mecha-
nism would ensure allograft survival. This ideal is still far

from reality in clinical transplantation, although our in-
creased understanding of the mechanisms of such states in
animals brings it closer.141

In experiments in animals, total lymphoid irradiation and
donor bone marrow infusion have been shown to promote a
tolerant state, and the role of these agents is being investi-
gated in humans. 142'143 Recent reviews of total lymphoid irra-
diation in a clinical transplant population found some pa-
tients with unresponsiveness to the donor in in vitro immune
responses, suggesting that a state of specific donor unrespon-
siveness may develop in some patients.144'145 Total lymphoid
irradiation is effective immunosuppression, but long-term
follow-up shows that patients receiving this therapy have
three-year patient and graft survivals, which appear lower
than the results of comparable trials using cyclosporine and
prednisone. 146

Clinical Problems in Renal Transplantation
The Diagnosis ofRejection

The diagnosis and treatment of renal dysfunction early in
the posttransplant period are difficult but important, because
acute tubular necrosis, cyclosporine nephrotoxicity, and
acute rejection are hard to distinguish clinically.'47 Percuta-
neous renal biopsy remains the gold standard for diagnosing
the cause of renal transplant impairment, especially with the
addition ofmonoclonal antibody markers to identify infiltrat-
ing cells and allograft antigens.148-151 In particular, the as-
sessment of HLA-DR expression on renal tubular cells may
assist in the determination of acute rejection.152

Fine-needle aspiration biopsy has become a clinically
useful and safe technique for sequentially monitoring graft
parenchymal cells and infiltrates. 153 The application of flow
cytometric and immunofluorescence technology has added
increased usefulness to the technique'54'155; although the cor-
relation with renal allograft histologic features is good, the
information provided about graft structures is more limited.

Renal ultrasonography, radionuclide studies, and mag-
netic resonance imaging (MRI) may all contribute to the
diagnosis of renal transplant dysfunction. Nevertheless, de-
spite their technologic sophistication, none of these methods
are sufficient to distinguish among rejection, acute tubular
necrosis, and cyclosporine nephrotoxicity. Rejection causes a
loss of the corticomedullary demarcation on MRI, but this is
not specific. 156158 Whether MRI is more sensitive than ra-
dionuclide studies and sonography has been disputed. 159l-61

Techniques requiring further assessment include duplex
Doppler sonography, which may aid in differentiating acute
rejection from acute tubular necrosis or cyclosporine nephro-
toxicity. 162'164

Cyclosporine Nephrotoxicity
Cyclosporine nephrotoxicity remains a major problem in

renal transplantation, and efforts to resolve whether the im-
munosuppressive effect of cyclosporine can be separated
from its nephrotoxic effect have so far failed.'65 The thera-
peutic window is so narrow that cyclosporine nephrotoxicity
and allograft rejection may coexist. Cyclosporine dosage and
cyclosporine serum concentrations may not provide accurate
predictors of nephrotoxicity1661-168; nevertheless, many
groups advocate protocols using lower cyclosporine dosages
to lessen renal impairment. 169"170

Cyclosporine can induce nephrotoxicity in both native
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and transplanted kidneys,171 but nephrotoxicity may be worse
in kidneys that have had an ischemic insult."'2 Patients re-
ceiving cyclosporine have a higher incidence and longer du-
ration of initial graft nonfunction,'""73 which may result in
long-term effects on graft survival.I74 For this reason some
centers prefer to use sequential therapy, treating initially with
other immunosuppressive agents and introducing a regimen
of cyclosporine after graft function has been established.'75
Further, patients with functioning grafts who are receiving
long-term cyclosporine therapy generally have a lower glo-
merular filtration rate than do patients receiving azathioprine
and prednisone therapy.7"

The exact mechanisms of cyclosporine nephrotoxicity are
still not known but are under intensive investigation. Cyclo-
sporine causes vasoconstriction of vascular smooth mus-
cle,'76 with an alteration in renal hemodynamics,'77 whereas
tubular function is relatively spared.'78 In addition, cyclo-
sporine may be responsible for the arteriolopathy found in
some allografts.'I9 Cyclosporine may alter the thromboxane-
prostacyclin balance, allowing thromboxane-induced vaso-
constrictor predominance.'80O'83 Certainly cyclosporine use
appears to increase thromboxane A, levels,"84 and adminis-
tering thromboxane inhibitors modifies the renal effects of
cyclosporine.'85"186 Because cyclosporine is metabolized in
the liver through the cytochrome P-450 system, drug interac-
tions may be important in inducing elevated cyclosporine
levels predisposing to nephrotoxicity. The use of erythromy-
cin, ketaconazole, steroids, sex hormones, and some cal-
cium channel blockers may induce elevated cyclosporine lev-
els, and rifampin and anticonvulsant therapy may decrease
cyclosporine concentrations.I'8

The use of calcium channel blockers may modify cyclo-
sporine nephrotoxicity'88 because cyclosporine binds certain
intracellular calcium-binding proteins. 189 Although it is clear
that cyclosporine therapy results in lower kidney transplant
function than does azathioprine and prednisone therapy,7' its
role in progressive renal impairment is in question.'90 It is
best documented that long-term cyclosporine administration
may be associated with progressive renal impairment in pa-
tients receiving organs other than kidneys,191 192 where renal
transplant rejection does not confuse the issue. In the long
term, cyclosporine use is associated with a progressive in-
crease in interstitial fibrosis and tubular and vascular
changes. 193 Even when creatinine levels are stable, histologic
damage can be detected in the allograft, and stable creatinine
levels may be at the cost of increased function in hypertro-
phied remnant glomeruli.85"191"194 Thus, the use of serum
creatinine levels or even creatinine clearance as an indicator
of kidney transplant function may not be sensitive to pro-
gressing nephrotoxicity.'95

Transplant-Associated Hypertension
Hypertension has been a recurrent and persistent problem

in renal transplantation. 96 The incidence of posttransplanta-
tion hypertension has increased since the widespread use of
cyclosporine. 197.198 In association with the impaired lipid
profile related to cyclosporine use (reviewed by Chapman
and Morris),84 hypertension may contribute substantially to
the death of transplant recipients through the development of
arteriovascular and cardiovascular disease. 199,200 Hyperten-
sion may also pose a threat to allograft survival.23 20' The
basis of the high incidence of hypertension in renal transplant
patients includes factors such as chronic rejection, transplant

renal artery stenosis, recurrent renal disease, and increased
native-kidney renin production.202203 Cyclosporine is a po-
tent inducer ofhypertension, in a somewhat different manner
from other immunosuppressive agents.'98'204'205 Cyclospo-
rine causes subtle renal impairment,206 even at normal thera-
peutic levels,207 and its use has been associated with sodium
retention.208 The addition of prednisone therapy can also
exacerbate hypertension, in part by limiting renal sodium
excretion.209

Opportunistic Infection
Viral infections have the greatest potential for causing

serious infectious complications in kidney transplant recipi-
ents. There is also increasing recognition of the role of vi-
ruses in triggering posttransplant malignancy, such as lym-
phoma, hepatoma, Kaposi's sarcoma, and genitourinary
cancers.21021' Viruses in the herpesvirus group include her-
pes simplex, herpes zoster, Epstein-Barr virus, and cytomeg-
alovirus (CMV). Cytomegalovirus remains one of the major
infectious complications in renal transplantation, where the
source of the virus may be the donor organ, blood transfu-
sion, or reactivation of latent virus in the recipient.212 Cyto-
megalovirus infections may be deleterious to graft survival
and function and may cause substantial patient morbidity and
mortality.213 In most cases primary infections are more se-
vere than reactivation of a latent virus, and both antilympho-
cyte globulin and OKT3 therapy can potentiate CMV infec-
tions."l3214 It is now recognized that reinfection with a
second virus strain may occur in seropositive recipients and
that such patients are thus not immune to repeated primary
CMV infections.215 Reserving CMV-negative donors for
CMV-negative recipients appears to be a useful preventive
measure where practical but may add difficulty to transplant
matching.216-218 Efforts to develop an effective vaccine
against CMV have been mostly disappointing,219-22' but pas-
sive immunization with CMV hyperimmune globulin seems
effective.222 Prophylactic therapy with oral acyclovir after
transplantation has reduced the incidence of primary CMV
infection, and its use may reduce that of Epstein-Barr virus
and herpesvirus infection as well as the incidence of Epstein-
Barr-related lymphoproliferative disorders.223 Because rapid
diagnosis is critical, new and quicker tests to diagnose CMV
infection are being introduced.224-226 In addition, anti-CMV
therapy has recently improved.227 Whereas CMV lacks the
virus-specific thymidine kinase needed for the phosphory-
lation and activation of acyclovir, newer agents such as ganci-
clovir are particularly active against CMV.228-230 Other anti-
viral agents such as foscarnet231 are also proving effective.
There may be a role for combining therapy with hyperim-
mune globulin and ganciclovir in high-risk patients with seri-
ous infections.232

The herpes simplex virus can also be transmitted by the
renal allograft,233 but oral acyclovir has been used with good
results to prevent herpes simplex infection in kidney trans-
plant recipients.234

Transmission of the human immunodeficiency virus with
the transplant organ or blood transfusion can occur despite
the screening of donors.235-237 Diagnosing the acquired im-
munodeficiency syndrome in persons with transplants may
be more difficult, as antibody responses to HIV may be im-
paired.238 Patients infected with HIV have a poor progno-
sis.239.240 No patient with HIV antibodies should receive or
donate an organ.23' Patients with seroconversion after trans-
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plantation should have their immunosuppression reduced,
and possibly stopped, but they almost inevitably do poorly.24

Malignancy
The increased incidence of malignancy in patients receiv-

ing kidney transplants has been well documented2'10242 and is
due to immunosuppressive therapy, viral infections, and oc-

casionally to the transmission of cancer with the donor or-

gans.243 With increasing potency of immunosuppressive
medication, the incidence of malignancy in transplant pa-

tients has increased.244
Skin cancer is the most common manifestation in some

countries.245'246 Epstein-Barr virus-related lymphoma has
been of recent concern, and its appearance is associated with
potent immunosuppression, especially with multiple drugs
and high doses.78 247'248 Some of these polyclonal lympho-
proliferative states are responsive to acyclovir therapy com-

bined with reduced immunosuppression.249

Long-term Outcome
The major causes of graft loss in the long term are chronic

rejection and patient death. The predominant causes of death
are infections, malignant neoplasms, and arteriovascular dis-
ease.210250,251

When rejection takes place in long-surviving grafts, it is
generally chronic or vascular pattern rejection, although
acute rejection can also occur late.252 Chronic rejection is
poorly understood. It generally presents as a slow deteriora-
tion in renal function and less often as a sequence of episodes
of renal impairment, but both respond poorly to antirejection
therapy. Grafts with chronic rejection show progressive
pruning of the distal arterial tree. A biopsy specimen shows a

vascular pattern of rejection, with fibroblastic endothelial
thickening of interlobular and arcuate arteries as well as

glomerular and tubular ischemic changes.253 While conven-

tional theory holds that chronic rejection is predominantly
antibody-mediated, evidence is growing that cellular immu-
nity may play an important role.254

Chronic rejection is responsible for a significant propor-
tion oflate graft losses and contributes to a 3 % to 10% annual
late graft failure rate.209'255 Among these losses must be
counted grafts rejected because of poor patient compli-
ance,256257 which may occur particularly in children and
adolescents,258 sometimes because of changes in appearance
induced by therapy.259'260 Glomerulopathy in kidney trans-
plants may represent rejection, infection,214 recurrent pri-
mary disease, or de novo glomerulonephritis. Some forms of
glomerulonephritis, such as focal sclerosing glomeru-
lonephritis,261 IgA disease,262 and membranoproliferative
glomerulonephritis (type II), have a tendency to recur, often
with deleterious consequences, and a proportion of patients
go on to lose their grafts. 210,263,264 Immunosuppressive proto-
cols including cyclosporine appear not to be effective in pre-
venting the recurrence of glomerulonephritis in transplanted
kidneys.265

Future Directions
In the past decade there have been remarkable improve-

ments in the understanding of the mechanisms of rejection
and the actions of immunosuppressive agents. In conjunction
with better management of infection and better patient care,
these factors have been translated into better graft and patient
survival after renal transplantation. It is now important to

focus on the issues of patient well-being and the level of
kidney function.

In the next decade further important advances in renal
transplantation should occur, with an array of new immuno-
suppressive agents, better diagnostic abilities, and better an-
tibiotics. The ability to induce specific transplant tolerance,
with a reduction or elimination of the need for nonspecific
immunosuppressive agents, has been shown in animal
models and needs to be adapted to humans, as suggested by
Strober and colleagues.145 The ability to harness the immune
system's own immunoregulatory processes to produce an
acquired specific unresponsiveness to organ allografts could
well eliminate many of the problems limiting the success of
renal transplantation.
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